2016). Members of the genus Nocardioides are widely distributed in nature. They have been reported from soils (Iizuka & Komagata, 1964) , beach sand (Lee et al., 2007) , ground water (Yoon et al., 2004) , seawater (Kim et al., 2008) , rhizosphere (Singh & Yin, 2016) , roots of plant (Han et al., 2013) and particular environments such as crude oil (Schippers et al., 2005) , crustacean (Tóth et al., 2008) , alpine glacier (Zhang et al., 2012) and Antarctic lake (Lawson et al., 2000) . Strain YIM DR1091
T , isolated from the roots of Psammosilene tunicoides, was characterized by phenotypic, chemotaxonomic and phylogenetic analysis. Based on the findings of this polyphasic study, isolate YIM DR1091
T is determined to represent a novel species of the genus Nocardioides.
Isolation of actinobacteria from the roots of Psammosilene tunicoides was performed using the following procedures: adhering soils from roots were manually removed, followed by washing and sterilization as previously described (Li et al., 2008) . An additional treatment with 2.5 % Na 2 S 2 O 3 for 10 min was added prior to final rinsing in sterile distilled water. The surface-sterilized roots were then placed in a flask with sterile silica gel and desiccated in an incubator set at 30 C for 3 days. Dried plant roots were triturated with a commercial blender (Joyoung) using liquid nitrogen and spread plated on YECD medium [containing (g l À1 ): yeast, 0.3; casein, 0.3; glucose, 0.3; bone meal, 0.3; agar 1.3; pH 6.5]. The isolation media were supplemented with nalidixic acid (25 mg l À1 ) and nystatin (50 mg l
À1
) to inhibit growth of fastidious bacteria and fungi. Isolates were obtained after incubation for 30 days at 28 C. Purified strain YIM DR1091
T was routinely cultured on R2A agar medium at 28 C and stored as a glycerol suspension (20 %, w/v) at À80 C. The reference type strains (Nocardioides pyridinolyticus JCM 10369 T , Nocardioodes caricicola JCM 17686 T , Nocardioides hankookensis JCM 15302 T and Nocardioides aquiterrae JCM 11813 T ) were obtained from the Japan Collection of Microorganisms (JCM). All strains were maintained routinely on R2A agar medium (28 C, 7 days). Biomass of strain YIM DR1091
T and the reference type strains for chemotaxonomic and molecular investigations was harvested from cultures grown on R2A agar medium (28 C, 7 days). For all studies unless otherwise mentioned, R2A agar was used as the basal growth medium and 28 C as the incubation temperature.
Cell morphology of strain YIM DR1091
T was observed by light microscopy (BH-2; Olympus) and scanning electron microscopy (ESEM-TMP) while the presence of flagella was investigated by using a transmission electron microscope (2100; JCM) with cells grown for 48 and 72 h. The Gram reaction was determined by using a Solarbio Gram staining kit as per the manufacturer's instructions. Cultural characteristics were tested on ISP 2, ISP 3 (Shirling & Gottlieb, 1966) , potato-dextrose agar (PDA), tryptone soya agar (TSA) (Bowman et al., 1996) , R2A agar and nutrient agar media (Waksman, 1967) for 2 weeks. Growth at various NaCl concentrations (0-12 %, w/v, at intervals of 1 %) and different temperatures (4, 10, 15, 20, 28, 30, 37, 40, 45, 50, 55, 60 C) was examined on R2A agar plates while the pH range for growth (4.0-12.0, at intervals of 1 pH unit prepared by using the buffer system as described by Xu et al., 2005) was tested for 30 days by culturing the strains in R2A broth. Activities of oxidase, catalase and urease, gelatin liquefaction, milk peptonization and coagulation, nitrate reduction, H 2 S production, and degradation of Tweens (20, 40, 60 and 80) , starch and cellulose were investigated according to the conventional procedures described by Gordon et al. (1974) and Williams et al. (1989) . Other enzyme activities were determined by using API ZYM test strips at 30 C according to the manufacturer's instructions (bio-M erieux). Carbon source utilization tests were performed according to the methods described by Shirling & Gottlieb (1966) and Athalye et al. (1985) using modified basal medium recommended by Pridham et al. (1948) . Nitrogen source utilization was observed according to Nie et al. (2012) . Other physiological and biochemical characteristics were assessed by using the media and methods described by Gordon et al. (1974) . Antibiotic susceptibility tests were performed in duplicate by using the following antibiotics (µg per disc, unless indicated otherwise): amikacin (30), cefuroxime sodium (30), chloramphenicol (30), ciprofloxacin (5), erythromycin (15), ethylhydromcupreine (5), gentamicin (10), norfloxacin (10), novobiocin (30), oxacillin (1), penicillin (10 IU), piperacilin (100), polymyxin B (300 IU), sulfamethoxazole (300), tetracycline (30) and vancomycin (30). Discs were placed on R2A agar plates spread with strain YIM DR1091
T and related type strains and the plates were incubated for 3 days. A halo zone of inhibition around the discs was considered to indicate antibiotic sensitivity.
Cells of strain YIM DR1091
T were Gram-stain-positive, non-motile and rod-shaped (0.4-0.6Â0.5-2.0 µm) (Fig. S1 , available in the online Supplementary Material). The strain grew well on R2A agar and PDA, moderately on nutrient agar and weakly on ISP 2 and ISP 3. No growth was observed on TSA. Growth was observed at 15-30 C (optimum 28-30 C), at pH 4.0-11.0 (optimum pH 6.0-7.0) and in the presence of 0-1 % (w/v) NaCl. The strain was found to be positive for oxidase and catalase activities and the nitrate reduction test. However, it gave negative results for urease activity, coagulation and peptonization of milk, hydrolysis of cellulose, gelatin, starch and Tweens (20, 40, 60 and 80) , and the H 2 S production test. Characteristics that differentiate strain YIM DR1091
T phenotypically from its closely related strains are listed in Tables 1 and S1 . The physiological and biochemical characteristics of strain YIM DR1091
T are given in the species description below.
Chemotaxonomic characteristics were determined following standard procedures. The isomer of diaminopimelic acid of the cell wall and sugars of whole-cell hydrolysates were analysed as described by Hasegawa et al. (1983) , Staneck & Roberts (1974) and Tang et al. (2009) . Polar lipids were extracted, separated by two-dimensional TLC and identified using the described procedures (Minnikin et al., 1979; Collins & Jones, 1980 from lyophilized cells (Collins et al., 1977; Minnikin et al., 1984) and analysed by HPLC (Kroppenstedt, 1982; Hu et al., 2001) . For analysis of cellular fatty acids, strain YIM DR1091 T and related type strains were cultured in R2A medium (7 days, 28 C). The cellular fatty acids were extracted, methylated and analysed by using the protocol of the Sherlock Microbial Identification System (MIDI) (Sherlock Version 6.1; MIDI database: TSBA6) (Sasser, 1990) . The G+C content of the genomic DNA was determined by HPLC (Mesbah et al., 1989) using Escehrichia coli JM-109 as the reference strain.
The diagnostic cell-wall diamino acid of strain YIM DR1091
T was LL-diaminopimelic acid. The whole-cell sugars consisted of mannose, ribose, glucose and galactose. The polar lipids of strain YIM DR1091
T comprised diphosphatidylglycerol, phosphatidylglycerol and six unidentified phospholipids (Fig. S2) . The respiratory menaquinone of strain YIM DR1091
T was MK-8(H 4 ) while the major fatty acid profile (>5 %) included iso-C 16 : 0 (49.8 %), C 17 : 1 !8c (9.7 %), C 17 : 0 (6.0 %), iso-C 15 : 0 (5.4 %) and iso-C 14 : 0 (5.3 %). Detailed fatty acid profiles of strain YIM DR1091 T and the reference type strains are given in Table 2 . The DNA G+C content of strain YIM DR1091 T was determined to be 74.6 mol%, which is in accordance with the range reported for the genus Nocardioides (68.7-74.9 mol%).
Genomic DNA extraction and PCR amplification of the 16S rRNA gene sequences were performed as described by Li et al. (2007) . The amplicon was purified using a Sangon PCR purification kit. Purified PCR amplicons were sequenced at Sangon Biotech using the Sanger sequencing method. The full-length 16S rRNA gene sequence of strain YIM DR1091
T was compared against the NCBI database for cultured species via BLAST searches (Altschul et al., 1990) and Eztaxon-e server database (Kim et al., 2012) . Multiple sequence alignments were performed using the CLUSTAL X software package (Thompson et al., 1997) . The Kimura 
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two-parameter model (Kimura, 1980 (Kimura, , 1983 was used to calculate evolutionary distances. Phylogenetic dendrograms were generated by the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) tree-making algorithms using the software package MEGA version 5.0 (Tamura et al., and/or C 16 : 1 !6c. Summed feature 4: iso-C 17 : 1 I and/or anteiso-C 17 : 1 B. Summed feature 6: anteiso-C 18 : 0 and/or C 18 : 2 !6,9c. Summed feature 7: C 18 : 1 !7c, C 18 : 1 !9t, C 18 : 1 !12t (one or more). Summed feature 8: C 18:1 !6c and/or C 18 : 1 !7c. Summed feature 9: iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl.
2011). Bootstrap analysis with 1000 resamplings was used to evaluate the topology of each tree (Felsenstein, 1985) . DNA-DNA relatedness was studied by applying the fluorometric micro-well method (Ezaki et al., 1989; Christensen et al., 2000; He et al., 2005) at the optimal hybridization temperature (50 C). The experiments were set with eight replications between strain YIM DR1091 T and the reference type strains N. pyridinolyticus JCM 10369 T , N. caricicola JCM 17686 T , N. hankookensis JCM 15302 T and N. aquiterrae JCM 11813 T .
To determine the phylogenetic position, the nearly complete 16S rRNA gene sequence (1520 nt; accession number KU940252) of strain YIM DR1091 T was determined. Comparison of the sequence with the corresponding 16S rRNA gene sequences retrieved from GenBank/EMBL/DDBJ clearly demonstrated that strain YIM DR1091
T is a member of the genus Nocardioides with highest 16S rRNA gene sequence similarity with N. pyridinolyticus OS4 T (97.6 %). The strain also shared 16S rRNA gene sequence similarities of 97.5, 97.2 and 97.2 % with N. caricicola YC903 T , N. hankookensis T and N. aquiterrae GW-9 T , respectively, but less than 97 % similariy with other validly published Nocardioides strains. However, it formed a stable clade with N. caricicola YC6903 T in the neighbour-joining phylogenetic tree (Fig. 1 ). This phylogenetic relationship was also supported in the dendrograms generated with the maximum-parsimony and maximum-likelihood methods (Figs S3 and S4) . Based on the phylogenetic analyses, sequence similarity profile and recommendation of Stackebrandt & Ebers (2006) T and the above type strains were determined to be 44.9±1.7, 50.2±1.3, 46.8±0.9 and 43.0±0.2 %, respectively, which were notably lower than the threshold value (70 %) for the recognition of genomic species (Stackebrandt & Goebel, 1994) .
The phylogenetic analyses, and morphological and chemotaxonomic characteristics support the characterization of strain YIM DR1091
T as a member of the genus Nocardioides. However, the differences in biochemical characteristics, DNA-DNA relatedness values and fatty acid compositions distinguish strain YIM DR1091
T from its closely related strains. Based on the above characteristics,
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